Intracytoplasmic A particles can be found in the cytoplasm of mammary tumours, certain leukaemias and Leydig cell turnouts of the mouse. These intracytoplasmic A particles share antigenic determinants with the mouse mammary turnout virus (MTV) and are considered to be precursors of MTV B-type particles on the basis of morphological comparison. Both DNA and RNA have been reported to be associated with these intracytoplasmic A particles ( Tanaka, Tamura & Tsujimura, 1972; Smith, Litwach & Longfellow, 1974). In this study it is shown that (1) the RNA of intracytoplasmic A particles is homologous to the RNA of MTV; (2) the DNA of the intracytoplasmic A particles is not a replicative form of the MTV genome, because no hybridization was observed between this intracytoplasmic A particle DNA and the radioactively labelled RNA or cDNA of MTV; (3) the intracytoplasmic A particles also contain an RNA-directed DNA polymerase activity with a cation preference which is similar to that of the reverse transcriptase of the MTV in a poly(rC).oligo(dG)-directed DNA polymerase assay.
INTRODUCTION
Intracytoplasmic A particles (IAP) can be found in the cytoplasm of mouse mammary tumours, irrespective of the production of the mouse mammary tumour virus (MTV; Tanaka et al. I972) , in certain spontaneously arising and transplantable leukaemias (Stiick et al. I964 ) and in transplantable mouse Leydig cell tumours (Nowinski et al. 1971) . The IAP is similar in morphology to the core of the immature MTV particle and is therefore considered to be the precursor of MTV (Tanaka et al. I972) . The IAP and mature MTV particles also share common antigenic determinants (Nowinski et al. I971; Smith & Wivel, 1972; Tanaka et al. 1972; Zotter et al. I976a ). However, the major proteins of IAP and MTV showed different tool. wt. values as assayed by polyacrylamide gel electrophoresis, but treatment of the IAP proteins with trypsin yielded mol. wt. values similar to those of the core proteins of MTV (Smith & Lee, 1975) . It has therefore been suggested (Smith & Lee, I975) that the IAP are precursors of mature MTV with uncompleted processing of the MTV precursor proteins (Dickson & Skehel, I974) .
Both RNA and DNA have been reported to be associated with these IAP (Tanaka et al. I972; Smith et al. I974) . It has previously been suggested that the DNA associated with the IAP could well be a replicative form of the MTV-genome (Longfellow & Smith, I976) . In this present study molecular hybridization techniques have been used to elucidate the relationship between the RNA and DNA of lAP and the MTV genome.
METHODS

Isolation of intracytoplasmic A particles (lAP).
Syngeneically transplanted mammary tumours of XVII/BlnfCBA/Bln mice and transplanted mouse Leydig cell tumours were used as a source of IAP. The IAP were prepared according to methods described before (Smith & Wivel, I972; Zotter et al. I976a ) using a combination of centrifugation on discontinuous and linear sucrose gradients. Solid tumours of the XVII]BlnfCBA/Bln, which contained abundant A particle clusters and only very few mature MTV particles (Zotter et al. I976a) , were used for the isolation of IAP.
Isolation of nucleic acids from IAP. The RNA from IAP of transplanted mammary tumours of the XVII/BlnfCBA/Bln mice was isolated using a combination of the methods described by Michalides, Vlahakis & Schlom (I976a) and Glisin, Crkvenjakov & Buys (1974) : sodium dodecyl sulphate, pronase (Calbiochem, La Jolla, Calif., pre-incubated for 2 h at 37 °C), and mercaptoethanol to final concentrations of I%, 0"75 mg/ml and I% respectively, were added to an IAP preparation in TNE buffer (o.o~ M-tris-HCl, pH 8.2, o'I5 M-NaC1, and o.oi M-EDTA). The IAP preparation was isolated from I2 g of mammary tumour material. The mixture was incubated for 3o min at 37 °C and then extracted twice at room temperature with TNE saturated phenol:cresol:chloroform (7:I:8) containing o'I7% 8-hydroxyquinoline. The resulting aqueous phase was then layered on top of a T'5 ml cushion of 5"7 M-CsC1 in o.oi M-EDTA and spun for I2 h at 35000 rev/min at 25 °C in an SW-5o Rotor (Beckman Instruments, Palo Alto, Calif.). The resulting RNA pellet was resuspended in the buffer containing o.I % SDS and stored at -7o °C until further use. The ratio of E2oo[E~8o of the RNA isolated was 2. I. The RNA from MTV was isolated from an MTV concentrate of tissue culture fluid of the Mm5mt/cl cell line as described previously (Michalides & Schlom, I975) .
The DNA from IAP was isolated according to the method of Longfellow & Smith (I976) . The DNA preparation was treated with RNase-A and the single stranded DNA fraction was separated from the double stranded DNA fraction by chromatography on hydroxylapatite as described before (Longfellow & Smith, I976) . This single stranded DNA preparation had a buoyant density in neutral CsC1 of 1.72o g/ml and did not contain any detectable RNA contamination.
Generation of an MTV specific 3H-eDNA. An MTV-specific 3H-cDNA was synthesized as described before (Michalides et al. I976a) using an MTV concentrate from the Mm5mt/cl cell line, kindly provided via the NCI logistic program by Dr Shibley from the Frederick Cancer Institute, Frederick, Md. An endogenous reverse transcriptase reaction of 5oo #1 contained: o'o5 M-dithiothreitol; o. 15 % (v/v) NP-4o (Shell, Rotterdam); 15 raM-potassium chloride; 2o mM-magnesium chloride; 1.6 mM each of dATP, dCTP and TTP; 2 mCi/ml of ZH-dGTP (3o Ci/mmol; The Radiochemical Centre Amersham, U.K.); 62. 5 mM-tris-HC1, pH 7"8; IOO #g/ml oligo(dT)a0_l~ ~ (P-L Biochemicals Inc., Milwaukee, Wisc.) and an MTV concentrate from 5 1 of tissue culture medium. After a 3 h reaction at 37 °C, the protein was removed from the 3H-eDNA product which was then purified by chromatography on Sephadex G-5o. The double stranded and poly(dT)-containing sequences in the eDNA product were removed by chromatography on hydroxylapatite after incubating the cDNA product for 48 h at 65 °C in the presence of 0"4 M-NaC1 and I mg/ml poly(rA). The resulting MTV 3H-cDNA product was less than 5 % resistant to S-I nuclease.
Hybridization studies. The hybridization mixtures contained o'75 M-NaC1; o'oo3 M-EDTA; o.oI u-tris-HC1, pH 7"2; o'1% sodium dodecyl sulphate; 4o0 #g/ml yeast RNA and IOOO ct/min of MTV 3H-cDNA per point taken.
The hybridization reaction was carried out for 4 h at 6o °C for RNA-DNA and for 75 h at 68 °C for DNA-DNA hybrid formation.
The increasing Cr0t or Cot (Birnstiel, Sells & Purdom, I972; Britten, Graham & Neufeld, I974) values were obtained by increasing the RNA or DNA content of the hybridization sample. The hybrids were assayed by S-~ nuclease resistance as described (Benveniste et al. 1973) . Cs2SO~ gradient analysis of the hybrid was obtained by transferring the hybridization mixture to a half saturated Cs~SO4 solution in 3 mM-EDTA and centrifugation at 44 ooo rev/min for 6o h at I5 °C in a 5o-Ti rotor (Beckman Instruments, Palo Alto, Calif.). The resulting fractions of this gradient were then assayed for TCA-precipitable radioactivity.
DNA polymerase assay using the synthetic template poIy(rC), oligo(dG).
An IAP preparation was concentrated by centrifugation for I h at 5oooo rev/min at 4 °C in an SW-5o rotor and the resulting pellet was resuspended in 5o #1 of o.oI M-tris-HC1, pH 7"8. This suspension was pre-incubated for Io rnin at o °C in o.I M-dithiothreitol and 2 ~o NonidetP4o (Shell, Rotterdam). Thereafter, the following reagents were added to the respective final concentration (in ~oo#1); poly(rC).oligo(dG) 4o#g/ml; tris-HCl, pH 7-2, o.o6 M; MgC12, 3o mM or MnCle, o'4 raM; and 2o #Ci of 3H-dGTP (5"5 Ci/mmol, The Radiochemical Centre, Amersham, U.K:). The reaction mixture was placed at 37 °C and samples were withdrawn at the indicated times and assayed for TCA-precipitable radioactivity. . oligo(dG)-directed DNA polymerase assay of (a) MTV and (b) Rauscher leukaemia virus (RLV). An MTV concentrate from 2o0 ml tissue culture fluid of the cell line Mm5mt/cl and an RLV concentrate from I ml plasma from RLV infected BALB/c mice was used in a poly-(rC). oligo(dG)-directed DNA polymerase assay as described in Methods, using 3o mM-MgC12
The TCA precipitable 8H-dGMP (sp.act. 300o ct/min/pmol) incorporated into an (rC). (dG) polymer is given versus reaction time.
RESULTS
Detection of poly(rC), oligo(dG)-directed DNA polymerase activity
in intracytoplasmic A particles IAP were isolated from 2 g of mammary tumour material according to the procedure of Zotter et al. (I976a) . The buoyant density of these particles was 1-26 g/ml as analysed in a sucrose equilibrium centrifugation. The isolation procedure resulted in a highly purified virus preparation with a relatively small amount of contaminating cellular material (Fig. I) . Neither mature MTV particles nor cores of mature MTV were observed in this preparation. The IAP preparation obtained in this way lacks the glycoprotein gp52, as has been shown by Zotter et al. (I976b) . This glycoprotein gp52 is located at the surface of the mature MTV and is absent in IAP (Sarkar & Dion, I975; Smith & Lee, I975) . The IAP preparation used to detect an RNA-directed DNA polymerase activity was therefore considered to be free of MTV particles by the criteria mentioned above.
A high speed pellet from this IAP preparation was assayed for an RNA-directed DNA polymerase activity using the synthetic template: primer poly(rC), oligo(dG) as described in Methods. This DNA polymerase assay is used to distinguish the RNA-directed DNA polymerase activity of a murine B-type RNA tumour virus from that of a murine C-type RNA tumour virus (Dion, Vaydya & Fout, I974) . This is also indicated in Fig. 2 , which shows that the RNA-directed DNA polymerase activity of a murine B-type RNA tumour virus (MTV) was inactive at o'4 mM-MnCI~ in the reaction mixture, while a clear stimulation of the polymerase activity occurred in the presence of 3o mM-MgC12 (Fig. 2a) . The RNA-directed DNA polymerase activity of a C-type RNA tumour virus (Rauscher Ieukaemia virus) showed a reversed cation preference (Fig. 2 b) . The cation concentrations used, 30 mM-MgC12 and o'4 mM-MnC12, were proved to be optimal (Marcus, Sarkar & Modak, 1976; Michalides et aL 1976 b Fig. 3 . Poly(rC)-oligo(dG)-directed DNA polymerase assay of IAP particles. A concentrate of IAP was used in the poly(rC)" oligo(dG)-directed DNA polymerase assay as described in Methods, using 3o mM-MgCI~ (©--O), or 0"4 mM-MnCl.a (0--0) in the reaction mixture. The TCAprecipitable aH-dGMP (sp.act. 3ooo ct/min/pmol) incorporated into an (rC)'(dG) polymer is given versus reaction time.
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IAP preparation contained an RNA-directed DNA polymerase activity with a cation preference similar to that Of MTV. No significant incorporation of 3H-dGTP into an (rC)-(dG) polymer occurred in the presence of 0"4 mM-MnClz, while an increasing incorporation took place when 3o mM-MgC12 was present in the reaction mixture (Fig. 3) . The activity of the RNA-directed DNA polymerase in the presence of the synthetic template poly(rC). oligo(dG) was shown by others (Gallo et al. I974) to be characteristic for RNA tumour viruses. The results in Fig. 3 , therefore, showed the presence of a virus RNA-directed DNA polymerase activity in IAP with a cation preference which is similar to that of the RNA-directed DNA polymerase activity of the MTV.
Molecular hybridization studies Hybridization between MTV 3H-cDNA and IAP RNA
Because of the extensive purification procedure of IAP no attempt was undertaken to isolate 6o to 7oS RNA from IAP. The RNA was isolated from purified IAP as described in Methods and centrifuged through a 5"7 M-CsC1 solution to make sure that the nucleic acid material obtained would not contain contaminating DNA. The E2eo[E28o ratio of the RNA isolated from lAP was z-i. Only very small amounts of RNA have been generated in this way; from approx, tz g mammary turnout material only I'6/,g RNA was obtained. This IAP RNA was hybridized to MTV 3H-eDNA to various Cr0t values by increasing the RNA concentration of the hybridization mixture. MTV 3H-cDNA was also hybridized to the MTV-RNA and Rauscher leukaemia virus--RNA (Fig. 4) . The MTV ~H-cDNA used was synthesized from a MTV concentrate of the Mm5mt/cl cell line (see Methods). This virus preparation did not contain any RNA-directed DNA polymerase activity of a murine C-type RNA tumour virus (Fig. I) , nor did the aH-cDNA synthesized hybridize to RNA of Rauscher leukaemia virus. This assures the absence of any detectable murine C-type RNA tumour virus information in the MTV 8H-cDNA used in this study. Of the input MTV ~H-cDNA, 7~ ~o hybridized to the MTV-RNA with a Cr0t½ value of 3 x IO -2. The MTV 3H-cDNA hybridized to the extent of 56 % to IAP-RNA with a Cr0t½ value of r x IO -1. The ratio of C0t~ values of the two hybrid formations indicated an approximately threefold contamination of the IAP-RNA probably with cellular RNA, assuming that the molecular complexity values of MTV-RNA and IAP-RNA are the same.
The hybrid between MTV 3H-cDNA and IAP--RNA was further analysed by Cs2SOa equilibrium centrifugation (Fig. 5) . The MTV 3H-cDNA:IAP--RNA hybrid formation was performed to a Cr0t value of r and then, without nuclease treatment, subjected to equilibrium centrifugation in Cs2SO~ as described in Methods. The MTV 3H-cDNA itself has a buoyant density of 1.44 g/ml, while after hybridization to IAP--RNA a substantial amount of TCA-precipitable MTV 3H-cDNA shifted from the DNA region of the gradient towards the buoyant density of RNA (I'63 g/ml) due to hybridization to complementary IAP--RNA.
The results of these hybridization studies indicated the presence of MTV--RNA in intracytoplasmic A particles. Distance from bottom of gradient (cm) 
Hybridization between MTV 3H-eDNA and IAP--DNA
Nucleic acids were isolated from IAP of Leydig cell tumours, which had been isolated according to the procedure of Smith & Wivel (i97z) , and were treated with RNase as described by Longfellow & Smith (I976) . The single stranded DNA fraction of the DNA preparation was generated after hydroxylapatite chromatography and used in molecular hybridization experiments to MTV ~H-cDNA and MTV(GR) 6o to 7oS 3H-RNA as described in Methods.
The MTV 3H-cDNA which was used in the hybridization experiments between IAP--DNA and MTV 3H-cDNA, hybridized to an extent of 68 % to cellular DNA of GR mammary tumours, at a Cot value of Io ~, and to calf thymus DNA to 4%- Table I shows , previously heated at 8o °C for I5 min to destroy DNase activity) was added to one aliquot to 50 #g/ml. Both aliquots were incubated at 37 °C for 3o min and then assayed for TCA-precipitable radioactivity.
hybridization was observed between IAP~DNA and MTV 8H-cDNA up to a Cot value of Ioo. A similarity in sequences of this IAP--DNA and MTV--RNA should have resulted in a positive hybridization at Cot values even lower than IO (see also Fig. 4) ,
In hybridization experiments between IAP-DNA and radioactively labelled MTV--RNA, a radioactively labelled 6o to 7oS RNA from MTV(GR) was used, which was obtained from primary cultures of GR mammary tumours as described before (Michalides & Schlom, I975) . Of the input radioactively labelled 6o to 7oS RNA of MTV(GR), 43"4 % hybridized to GR mammary tumour DNA at a Cot value of IO, when 2ooo ct/min of the MTV(GR) 6o to 7oS ~H-RNA (sp. act. approx, xo G ct/min/#g) was hybridized to 2oo/zg GR mammary tumour DNA, while 4"I % hybridized to calf thymus DNA under similar conditions.
The hybridization experiment between this radioactively labelled 6o to 7oS RNA from MTV(GR) and single stranded IAP-DNA did not show any relationship between the IAP---DNA and the MTV genome, (Table 2) . Under two different conditions no hybridization between MTV(GR) ~H-RNA and IAP-DNA has been observed. There was an almost complete recovery of the MTV(GR) 3H-RNA after the hybridization, indicating that the lack Of hybridization was not due to a ribonuclease activity in one of the nucleic acid preparations. Also no hybridization between IAP--DNA and the 6o to 7oS ~H-RNA of the bromodeoxyuridine induced guinea-pig virus, another RNA tumour virus with properties of the B-type RNA tumour viruses (Michalides et al. I976b) , has been observed.
These hybridization studies demonstrated that IAP--DNA is neither the (+) nor the (-) strand of the MTV provirus.
DISCUSSION
The intracytoplasmic A particles from various sources share a number of antigenic determinants with MTV. The IAP from mouse mammary tumours react equally well in immunological tests such as immunodiffusion, immunofluorescence and radioimmunoprecipitation with MTV as do the IAP from leukaemic cells of MTV infected DBA/2 mice (Tanaka et al. I972; Zotter et al. I976a) . No antigenic differences between the different IAP from various sources have been found (Tanaka et aI. I972; Zotter et al. I976a) . The main proteins of IAP isolated from Leydig cell tumours show, after proteolytic cleavage, a polypeptide distribution in polyacrylamide gel electrophoresis which is similar to that of MTV (Smith & Lee, I975) , providing further evidence for a possible precursor-product relationship between IAP and MTV.
Such a relationship between IAP and MTV could be established in molecular hybridization studies between the nucleic acids of IAP and MTV. Both RNA and DNA have been associated with intracytoplasmic A particles (Tanaka et al. 1972; Smith et al. I974) , and it has not been clear up to now which nucleic acid form was related to the MTV--RNA.
Total RNA isolated from highly purified IAP of transplantable mammary tumours of XVII/BlnfCBA/Bln mice was shown (Fig. 4) to hybridize to an MTV ~H-cDNA. This IAP--RNA hybridized to 56 ~o of the MTV 3H-cDNA, while MTV--RNA did so to an extent of 7I %. The different extents of hybridization to MTV ~H-cDNA could be due to one or both of the following reasons: (t) there is an 8o % homology between the IAP--RNA and MTV--RNA, assuming that the MTV ~H-cDNA used was a reliable replica of the MTV--RNA. The MTV ~H-cDNA used was synthesized from an exogenous MTV variant, while the IAP of XVII/BlnfCBA/Bln mice could well represent an endogenous MTV variant. This 8o % homology in nucleotide sequences between IAP--RNA and MTV---RNA would then correspond to the extent of nucleotide sequence relationship between the RNAs of exogenous and endogenous MTV variants (Michalides & Schlom, I975) . (2) Assuming that the MTV ~H-cDNA used is not a reliable replica of the MTV--RNA and contains certain nucleotide sequences preferentially, this 8o % hybridization value could be due to an insufficient excess of IAP--RNA in the hybridization reaction. Increasing the IAP--RNA in the hybridization sample, however, did not increase the extent of hybridization with MTV 3H-cDNA. We therefore favour the first possibility, i.e. that the RNAs of these IAP and the exogenous MTV are 80 % related to one another. The elevation of the Cr0t½ value as observed in Fig. 4 is then most likely to be caused by the inclusion of contaminating cellular RNA in the IAP--RNA preparation.
It is shown in the present study that most of the MTV genome is present in intracytoplasmic A particles of transplantable mammary tumours of XVIII]BlnfCBA]Bln mice. The finding that IAP do contain an RNA related to MTV--RNA, once more confirms the relationship between IAP and MTV.
The single stranded IAP--DNA has clearly been demonstrated in this study (Tables I  and 2 ) not to be the replicative form of the MTV genome, as has been suggested by others (Longfellow & Smith, ~ 976) .
It had been shown previously by Smith, Longfellow & Nimon (I975) that the single stranded DNA, which is associated with IAP, is not an artefact of the isolation procedure. Therefore it is most likely that this DNA is included in the formation of IAP. Nucleic acids from cellular origin can be included in RNA tumour viruses (Tooze, 1973) . This IAP--DNA could then be either a nuclear DNA or some, as yet unidentified, particular plasmid DNA.
DNA from intracytoplasmic A particles of Leydig cell tumours and RNA from IAP preparations from transplantable mammary tumours have been used for the hybridization experiments. Either nucleic acid form has been associated with IAP isolated from both Leydig cell tumours and transplantable mammary turnouts (Smith & Wivel, I972; Tanaka et al. I972; G. H. Smith, personal communication) . The reversed hybridizations, i.e. hybridization studies with IAP----DNA from mammary tumours and with IAPDRNA from Leydig cell tumours, still have to be performed.
The presence of an RNA-directed DNA polymerase activity in IAP (Fig. 3 , and Wunderlich, Zotter & Sydow, I976) shows that the B-type RNA tumour virus does contain an RNA-directed DNA polymerase at this particular stage of its development. In this study it has also been shown that the RNA of an RNA tumour virus is present in intracytoplasmic A particles.
The absence of mature B-type RNA tumour virus particles in tumours in which intracytoplasmic A particles are clearly present, is most likely due to either a cessation of the processing of MTV precursor proteins or an incomplete synthesis of MTV proteins.
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